Lepton number violation could be manifest in the sneutrino sector of supersymmetric extensions of the standard model. Then sneutrinos decay partly into the "wrong sign lepton" final state, if kinematically accessible. At a future electron-positron Linear Collider facility or an electron-photon facility this signal could be directly visible in associated single sneutrino production mechanisms, if sneutrino pair production is not possible. Under favourable circumstances, for the projected luminosity of the Next Linear Collider the rate of the wrong sign lepton signal may be of order O(10/year) for a sneutrino mass-splitting and sneutrino widths of order O(1 GeV).
I. INTRODUCTION
Recently there has been special interest in the bosonic counterpart of the neutrino appearing in supersymmetric (SUSY) extensions of the Standard Model [1] , the sneutrino. This is due to the intimate relation of neutrino and sneutrino properties as regards the violation of the lepton number L: either both neutrino and sneutrino violate L or both do not [2] . If L is violated, the sneutrino states in one generation exhibit a mass-splitting ∆m=m 1 -m 2 , independent of the precise mechanism which generates L violation in the sneutrino sector. The masses m 1,2 correspond to the mass statesν N ℓ , N=1,2 (without mixing in generation space, ℓ denotes generation) which (in the effective low-energy theory) are the physical states instead of the weak interaction statesν L (ℓ),ν * L (ℓ) (degenerate in mass in the absence of L violation) [2, 3] . For the masses m 1,2 the relation m 1,2 =m±∆m/2 holds, where m=(m 1 +m 2 )/2 is the average sneutrino mass. The amount of L-violation (∆m) is restricted by the kinematical upper limits on neutrino masses and neutrinoless double beta decay [4, 5] : the limit on ∆m is very stringent for the first generation, but leaves room for appreciable L violation for the second and third generation (see section II). If the electroweak phase transition is weakly first or second order, another constraint is set by baryogenesis [6] .
Besides possibly observable phenomena in future collider experiments [7] , L violation implies that the lightest sneutrino state may become the lightest supersymmetric particle (LSP) and -if its mass is around 70 GeV -a candidate for the cold dark matter in the universe [8] . This case should be easily discernable at a future lepton collider facility [9] .
In the absence of L violation the sneutrino cannot account for the cold dark matter in the universe [10, 11] . In the opposite case of heavy sneutrinos, L-violation in the sneutrino sector could manifest itself by a wrong sign lepton stemming from the decay of a sneutrino in a lepton and a chargino [4, 3] .
In view of the low energy constraints on the mass-splitting the discussion will be focussed on second and third generation sneutrinos. Several production mechanisms may be of interest to produce sneutrinos at an e + e − machine, depending on the mass relations of the sneutrinos with respect to the other particles of the SUSY spectrum, especially the chargino.
The most obvious production channel is pair production: e + e − →ν 1 ℓν 2 ℓ in the L-violating case or e + e − →ν L (ℓ)ν * L (ℓ) in the L-conserving case.
If however sneutrino pair production is kinematically not accessible, single sneutrino production has to be considered in order to gain some insight into the sneutrino properties. Examples of processes, where a single sneutrino of any flavour is produced at e.g. a future electron positron Linear Collider (LC) [12] or at an accompanying electron-photon collider [13] , are:
where k=1,2 and χ ± 2 is the lighter of the two chargino states. In the presence of L violation the electric charge of the lepton produced in the decay of sneutrinos (assumed heavier than
may be of the wrong sign compared to the L-conserving case. In the following, the "wrong sign charged lepton" will be used as a signal for L violation.
The processes in eq. (1a,1b) can be regarded as the leptonic SUSY analogues of single topquark production [14] in the SM. It sould also be recalled that sneutrinos can in addition be produced with accompanying neutrinos and neutralinos, e.g. by the process e + e − → ν N ℓ ν ℓ χ 0 k , resulting in a final state very difficult to observe or not observable at all. Hence this possibility will not be considered further.
As the aim of this work is largely exploratory the attention is focussed on the value of total cross sections which are estimated at the energies of a future e + e − linear collider (LC). Kinematic cuts, which may be specific of the particular detector and/or experiment are not included. These can only be implemented in a realistic MonteCarlo simulation of the signal with a parallel detailed study of the background which is however beyond the scope of this work. Nonetheless in order to have an idea of the observability of such phenomena the estimated total cross sections are compared to the prospected luminosity of a future LC which for the TESLA project are as follows [15] : at
while the integrated luminosity over a period of one year (10 7 sec) is L • = 300 fb
It is also expected that the LC will be able to operate in the electron-photon (e − γ), photon-photon (γγ) and electronelectron (e − e − ) modes with luminosities comparable to that of the underlying e + e − machine (even higher in the case of the γγ mode) [16] .
The topic of this note is to discuss the prospects of detection of the wrong sign lepton signal if sneutrinos are heavy and pair production is kinematically excluded. In view of the low energy constraints on the mass-splitting the discussion will be focussed on second and third generation sneutrinos. Throughout this note it will be assumed that R-parity is conserved. For a discussion of the effects of R-parity violation see refs. [3, 17] .
In the next section the reaction in eq. (1a) will be considered, and in section III the process in eq. (1b) will be analyzed. For both cases the cross section of the wrong charged lepton signal will be estimated. The reaction in eq. (1c) produces a more difficult signature due to the additional W boson in the final state and therefore will not be analyzed.
The Feynman graphs contributing to this reaction are depicted in Fig. 1 if the flavour of the final state sneutrino is either ℓ=µ or ℓ=τ . If ℓ=e, then further contributions similar to those examined in [18] (replacing the proton with an electron) have to be taken into account.
The resulting cross-section can be written as
where e.g. σ I,II is the contribution from the interference of s-channel gauge boson exchange ( Fig. 1-I ) and t-channel sneutrino exchange ( Fig. 1-II) . The explicit expressions of the various contributions are listed in appendix A.
Since the graph in Fig. 1 -III contains the derivative coupling of the Z 0 to the sneutrinos, its contribution is β-suppressed and always much smaller than the modes in Figs. 1-I and 1-II. Therefore, in the following it is neglected.
The three-particle phase space integral of graphs can be split into two two-particle phase space integrals (see e.g. [19] ), so that the phase space integrals relative to the contributions in Fig. 1 -I and 1-II (and their interference) can be evaluated analytically up to the integration over Q 2 to be integrated numerically, where Q is the sum of the lepton and chargino impulses.
We have checked, that using the small width approximation 1/( If the final state sneutrino is lighter than at least one of the charginos, the cross-section depends very sensitively on the chargino width. However, in what follows the sneutrino will taken to be heavier than both charginos and their width will be neglected. In Fig. 3 the cross section eq. (3) is plotted in terms of the final state sneutrino mass (which in principle could be different from the mass entering the propagator, but this has not been taken into account)
for two sets of SUSY parameters µ, M 2 , tan β (µ is the Higgs mixing parameter, M 2 is the gaugino mass associated to SU(2) L , and tan β is the ratio of the vacuum expectation values of the two Higgs doublets) defined in tab. I and for beam energies √ s=500 GeV and √ s=800
GeV. In the following the unification condition in a minimal supergravity (mSUGRA) model
2 Θ W is assumed unless stated otherwise. In the sneutrio mass region where sneutrino pair production is kinematically excluded the cross section is of order 0.1 fb or lower.
In order to estimate the cross section for the L-violating wrong sign lepton signal we introduce the L-violating sneutrino propagator [2] 0|T [ν(x)ν(y)]|0 = ∆m 2 i 2
and use the small width approximation. The cross section eq. (3) becomes:
wheres
The definition ofs − implies that the light sneutrino state contributes only if it is heavier than both charginos. Otherwise the light sneutrino may be produced by the decays of a real chargino and the width has to be taken into account (see the comment above). The L-violating factor ξ is defined as
The behaviour of ξ in dependence on the sneutrino mass-splitting divided by the average sneutrino mass (∆m/m) is illustrated in Fig. 4 . Since it is assumed that the sneutrino is heavier than both charginos, the sneutrino width is estimated taking into account only two body decay modesν
For the parameters chosen in tab. I the difference between the average sneutrino mass and the charged slepton mass is smaller than the mass of the weak gauge bosons. However, for a large mass-splitting the heavier sneutrino may decay asν
Since the charged slepton usually decays with a large branching fraction into a neutralino-lepton final state, the L-violating signal would be slightly enhanced.
The L-violating signal is a very clear one (see below), therefore it is reasonable to assume that few events per year should be sufficient for signal detection and for an integrated luminosity of order O(few×100 fb −1 ) a cross section as small as O(0.01 fb) could be measured.
In Fig. 5 the cross section for the L-violating signal is plotted versus the relative sneutrino mass-splitting (∆m/m) for the parameter sets as defined in tab. I and for different values of the average sneutrino mass. The dominant contribution comes always from the lighter sneutrino state, and in extending the amount of L-violation it has been made sure that the lighter sneutrino is sufficiently heavy so that the widths of both charginos may be safely neglected.
In the cases (m=275 GeV; √ s=500 GeV; set A) and (m=450 GeV; √ s=800 GeV; sets A and B) a relative mass-splitting ∆m/m of order O(0.01) is sufficient to produce an Lviolating cross section of order O(0.01 fb). For the remaining cases (m=350 GeV; √ s=500
GeV; set A) and (m=600 GeV; √ s=800 GeV; sets A and B) the relative mass-splitting has to be one or two orders of magnitude larger in order to produce a visible signal.
The curves plotted in Fig. 5 should be compared to the low-energy limits on the sneutrino mass-splitting. Loops containing L-violating sneutrinos and neutralinos contribute to the Majorana neutrino mass matrix M LL mixing the SU(2) L doublet fields [4, 5, 3] . In ref.
[5] a scan over a large range of the SUSY parameter space has been carried out and the following "absolute" limit has been derived from the upper limits on neutrino masses:
where m has been set to 100 GeV. Higher values for m result in less stringent bounds. In the cases (m=275 GeV; √ s=500 GeV; set A) and (m= 450 GeV; √ s=800 GeV; sets A and The signal final state is
(or the charge conjugated), where f f ′ may be a quark-antiquark pair (e.g. ud), or a lepton pair (e.g. e + ν e ). To a small fraction the charginos decay into gluinos, which themselves decay into the LSP and two quarks. A possible source for SM background to this signal may be tt-pair production and its subsequent decays, as for example
However, the ℓ + -pair is back-to-back in the center of mass frame of the initial electronpositron beam, whereas the signal-ℓ + pair is one-sided (as long as the velocity of the sneutrino does not become too small) and therefore easily discernable. Furthermore, the branching fraction of the b to c decay channel is CKM-suppressed. The same argument holds for any SUSY background sources. Therefore it may be concluded, that the wrong sign lepton signal should be virtually background-free.
In electron-photon collisions µ-and τ -sneutrinos are necessarily produced by graphs at least of order three in perturbation theory. The dominant contributions to higher generation sneutrino production at an electron-photon collider are the ones depicted in Fig. 2 , which, as mentioned above, are the leptonic SUSY equivalents to single top-quark production in the SM at an electron-photon facility [14] (the conventions adopted in this section follow closely those of [14] ). For the production of first generation slepton pairs additional contributions have to be taken into account, replacing for example in Fig. 2 -III the W -boson by a chargino and interchange the sneutrino and the neutrino, and similarly for the remaining contributions. The relevant SUSY interaction Lagrangian are [1] :
The gauge invariant amplitude consists of four terms and can be written as
The various contributions are listed in Appendix C.
Here it is not possible to factorize the phase space integral into two two-particle integrations as it was done in the previous section so that the phase space integration is performed numerically using the VEGAS [24] code. Following [25] , in the frame pν = − pl the total cross-section is given by
where
The explicit parameterization of the individual four-vectors in terms of the invariants s 2 , t 1 and the polar angles of pl is given in appendix D.
However the eγ option of a LC will be realized producing high energy photons through
Compton-backscattering of a low energy laser beam with an high energy positron beam [13] .
Thus the resulting photons are not monochromatic and one has to fold the cross section of any eγ process over a photon energy spectrum. It is expected that a photon collider will operate at luminosities very close to that of the e + e − machine. In terms of the variables
the photon energy spectrum is given by [26] P(y) = 1
Here the factor
normalizes P(y)dy to unity. The resulting cross-section applying eq. (13) is
where σ tot is defined in eq. (12) . Assuming the mSUGRA relations for the slepton masses [27] 
The cross-section eq. (12) is plotted in Fig. 7 for the parameters defined in tab. I and for two different values of the center-of-mass energy of the e + e − -pair (x was set to its maximum).
The cross-section is of order O(0.1 fb) at √ s=800 GeV and M 0 masses of order O(100 GeV).
For a more realistic center of mass energy of 500 GeV the resulting cross-sections are about an order of magnitude smaller. With luminosities as those projected for a LC of several 10 34 cm −2 s −1 one produces several tens of single sneutrino events per year.
The process e + γ →ν
N ℓl
+ ν e , (ℓ = µ, τ ) can also be exploited at e + e − colliders. Here infact by taking the photon to be virtual the diagrams of Fig. 2 can be attached to the electron current thus describing slepton associated single sneutrino production at e + e − colliders The full process involving virtual photons (with possibly other diagrams) due to the fact that the photon is massless (its propagator gives a factor Q −4 in the squared amplitude if Q is the virtual photon momentum) is dominated by small values of Q i.e. quasi real photons and the full e + e − process is approximated by folding the cross-section of eq. (12) with a photon distribution function f γ (x). This is the so-called equivalent photon (Weiszäcker-Williams) approximation (E.P.A) which, quite generally, for any scattering process involving a charged particle in the initial state that interacts via a virtual photon, consist in approximating the full process by defining a distribution function for the photon in the electron of energy E.
The Weiszäcker-Williams spectrum is given by [28] 
and f γ (x) is interpreted as the photon distribution of an electron of energy E i.e. the probability that an electron of energy E radiates a quasi-real photon in the forward direction
with energy E γ = xE. The cross section at the e + e − machine is estimated using the following formula: Therefore, as in the production of first generation sneutrinos (see ref. [29] ) the production of second and third generation sneutrinos at an e + e − collider through the eγ subprocess appears to be at observable rates provided that the LC will operate at the prospected luminosities of several 10 34 cm
Applying the procedure of the previous section, it is possible to estimate the rate of wrong As far as the comparison with low-energy limits on ∆m are concerned, the same remarks as in the previous section apply.
If the initial state lepton is a positron, the signal final states are (assuming the final state leptons being not too soft)
The possible chargino decay modes have been mentioned in eq. (9) . In the SM the second or third generation ℓ + pair may be produced in e-γ-collisions in at least 7th order of perturbation theory in the decay chain of a top-bottom final state (with additional CKM suppression). The rate of such a process is negligible even compared to the very low signal rate. The second signal in eq. (16) may be mimicked by the production of a Z 0 -e + pair (the Z 0 decaying into ℓ's), when the charginos to a large fraction decay into the ℓ + ν ℓ χ 0 final state. The same reasoning holds for the SUSY background: e.g. the final state containing two charginos may be reproduced by the decays of a selectron and a non-LSP neutralino
If thel decays to a large fraction directly into the LSP (thus producing a ℓ + ℓ + final state) the background may be eliminated discarding events with only one ℓ + in the final state. In the opposite case, a detailed analysis of the angular and energy distribution of the final state particles is required.
IV. CONCLUSIONS
In conclusion, L violation in the sneutrino sector of supersymmetric extensions of the Standard Model may manifest itself by producing the wrong charged lepton signal by decays of sneutrinos into charginos and charged leptons. If the average of the two sneutrino mass states is large, sneutrino pair production is excluded and associated single sneutrino production has to be considered in future collider facilities such as the NLC or an electron-photon machine.
For chargino-associated single sneutrino prodution at the NLC, under favourable cirumstances (large branching fraction of the chargino-lepton decay channel and a relative low average sneutrino mass) one may expect about ten wrong sign lepton events per year for a relative mass-splitting ∆m/m ≈ 0.01 and for widths of the sneutrino mass states of order O(1 GeV). Such an amount of L violation is compatible with a neutrino mass of order O(10 keV) and thus with the kinematical limits on second and third generation neutrino, but not compatible with the limit on the left-handed neutrino Majorana mass matrix from the neutrinoless double beta decay combined with the oscillation solution to the solar and atmospheric neutrino problems.
Since the signal is virtually background-free, the number of expected wrong sign lepton events should be sufficient to detect L violation in the sneutrino sector. However, under unfavourable circumstances less than one wrong charge lepton event per year is expected.
Then an appreciable event rate is possible only for a relative sneutrino mass-splitting near to one.
For charged slepton associated sneutrino production at an electron photon collider, in mSUGRA models the event rate of the wrong charged lepton signal is very low for realistic slepton masses and a relative sneutrino mass-splitting of order 0.01. In order to produce a detectable event rate the relative mass-splitting must be close to one. If the charged slepton is considerably lighter than the average sneutrino mass, an observable event rate is possible for moderate values of the mass-splitting.
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In the following individual contributions to the cross section for the reaction e + e − → χ ±νN ℓ ℓ ∓ (Fig. 1) 
unless noted otherwise. The total cross section is a sum of the contributions depicted in Fig. 1 and their interferences. The interference between 1-III and the other graphs is neglected since in the numerical examples displayed in tab. I the contribution of 1-III is much smaller than the contribution from both 1-I and 1-II.
The contribution from (t-channel) sneutrino-exchange shown in Fig. 1 -I is defined as
where as usual λ(a, b, c)=a 2 + b 2 + c 2 + 2ab + 2ac + 2bc and the function F (Q 2 ) is defined as
The contribution from (s-channel) gauge-boson-exchange depicted in Fig. 1 -II is defined
where the function G(Q 2 ) is given by
The lepton-gauge boson couplings g
and the gauge boson-chargino couplings (O
The interference between sneutrino and gauge boson graphs is
and the function F (Q 2 ) has been defined above.
The contribution from the double sneutrino graph is
The integration limits are Q 
APPENDIX C: FOUR-VECTOR PARAMETRIZATION IN TERMS OF TWO INVARIANTS AND TWO ANGLES
In order to carry out the numerical phase space integration in the process eγ →l +νN ℓ ν e following [25] the four-vectors in the process can be parametrized in terms of two invariants (see appendix C) and one solid angle as as a function of the ratio ∆m/m applying the backscattering process (B.S.) eq. (14) . No mSUGRA conditions were assumed. The curves correspond to ( √ s=500 GeV, m=200 GeV; ml=100 GeV; parameter set A; B.S.; solid line); ( √ s=800 GeV, m=300 GeV; ml=200 GeV; parameter set A; B.S.; dashed line); The parameter set A has been defined in tab. I. as a function of the ratio ∆m/m applying the backscattering process (B.S.) eq. (14) . No mSUGRA conditions were assumed. The curves correspond to ( √ s=500 GeV, m=200 GeV; ml=100 GeV; parameter set A; B.S.; solid line); ( √ s=800 GeV, m=300 GeV; ml=200 GeV; parameter set A; B.S.; dashed line); The parameter set A has been defined in tab. I.
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